The Drosophila Notch gene encodes a transmembrane receptor involved in the regulation of cell fate. It exerts its effect by lateral specification, inductive signaling and is also important for cell adhesion and axonal pathfinding. In this report we analyse the expression of the three mammalian Notch homologues during early mouse development by in situ hybridization. The Notch 1, 2 and 3 genes show dynamic and complex expression patterns, in particular during gastrulation and somitogenesis and in early nervous system formation.
Introduction
The Drosophila Notch gene encodes a transmembrane receptor ('Notch receptor') which acts to mediate signals between cells in close proximity (for review see Artavanis-Tsakonas et al., 1995) . It is the best characterized member of the neurogenic gene family, so-called for their ability to affect cell-fate decisions during the formation of the nervous system. The Notch receptor possesses 36 epidermal growth factor-like repeats (EGF repeats) and three LNR repeats on its extracellular side. The most conspicuous feature of the intracellular domain is the presence of seven ankyrin repeats similar to motifs found in ankyrin, SW16 and cdc 10 proteins. Delta and Serrate proteins are extracellular ligands while Suppressor of Hairless (SuH) and Deltex proteins are implicated in intracellular Notch signaling, although the mechanism for the transduction of the Notch signal is largely unknown (Artavanis-Tsakonas et al., 1995; Simpson, 1995) .
Notch receptor function is required in many tissues and at different developmental stages during fly development, for example in central and peripheral nervous system formation, eye development and in oogenesis. The classical, and most thoroughly analysed, phenotype affects formation of the embryonic central nervous system (CNS). Loss of Notch activity leads to the generation of an excess number of neuroblasts at the expense of epidermal cells (Lehmann et al., 1983) . The biological activity of Notch appears to be complex and pleiotropic. Experimental data suggest that Notch functions both in lateral specification, inductive signaling and cellular pathfinding (for review see Artavanis-Tsakonas et al., 1995) and possibly cell adhesion (Hoppe and Greenspan, 1990; Hartenstein et al., 1992 to a particular fate from a group of initially equivalent cells. In the fly, segregation of individual neuroblasts from a field of initially equivalent ectodermal cells requires Notch activity. Inductive signaling, on the other hand, involves two non-equivalent cell populations, one of which instructs the other to a particular fate. For example, the induction of one photoreceptor cell (R7) in the Drosophila ommatidium by another (R8) is dependent on Notch function. A role for Notch in pathfinding has also been suggested, based on observations of effects on axon growth and guidance in temperature sensitive Notch and Delta mutants (Giniger et al., 1993) . Taken together, these data suggest that Notch is a receptor involved in various types of interactions between cell populations in the developing organism.
Understanding Notch function in vertebrates is further complicated by the fact that they possess at least three different Notch homologues (Notch 1, 2 and 3). These orthologous genes have been characterized in a number of species (for review see Artavanis-Tsakonas et al., 1995; Lardelli et al., 1995) . The three mammalian Notch genes show equivalent conservation with respect to each other and to Drosophila Notch, the only major difference being the lack of two EGF-repeats in Notch 3 (Lardelli et al., 1994) . The high degree of sequence similarity implies important, conserved functions in vertebrates and arthropods. This is supported by the observation that functional inactivation of either Notch I or 2 is lethal in mouse (Swiatek et al., 1994; Conlon et al., 1995; Gridley, pers. commun.) . Furthermore, chromosomal translocation of a truncated human Notch I gene results in leukaemia (Ellisen et al., 1991) . Ectopic expression of the intracellular, putatively signalling, domain of Notch 1 in cell lines blocks differentiation to specific fates Nye et al., 1994) , while injection of RNA from a similar construct in Xenopus oocytes leads to the generation of excess neural tissue (Coffman et al., 1993) and perturbed retinal development (Dorsky et al., 1995) . Vertebrate homologues to the Delta and Serrate genes have recently been identified Henrique et al., 1995; Lindsell et al., 1995;  for review see Simpson, 1995 
Results
In this report, we analyse the transcription of Notch I, 2 and 3 in mouse embryos from embryonic day (E) 7.0-E10.5 using whole mount in situ transcript hybridization histochemistry and in sections taken from these embryos. Our data show that the expression patterns for these three genes are distinct and complex. Interesting transitions in expression are seen during gastrulation, somitogenesis, and in the developing central and peripheral nervous systems.
I. Notch expression during gastrulation
During gastrulation epiblast cells migrate through the primitive streak to form the definitive endoderm and the mesoderm. Cells migrating through the most anterior portion of the primitive streak, the node, form the notochord. As the embryo grows, the primitive streak regresses to a more posterior position. Analysis of mouse embryos early during this process (E7.0) shows that the three Notch genes have distinct expression patterns in regions critical for gastrulation ( Fig. 1) .
At the earliest age examined (E7.0) Notch 2 and Notch 3 mRNAs are already expressed, while Notch 1 mRNA expression is just becoming evident (Fig. IA-C) . Notch 2 mRNA is expressed within the mesodermal cell layer only, including the notochord, and its anterior boundary is sharply delineated at the anterior margin of the node ( and Notch 3 (lower). Notch I is expressed in the notochord, in isolated groups of cells within the splanchnic mesoderm and weakly in the region which will become the cranial mesenchyme. Strong expression of Notch 2 is found both in the notochord and within the ventral-most cells of the neural groove and also within the splanchnic mesoderm. Notch 3 is found within cells of the neural ectoderm and in splanchnic mesoderm, most heavily in the lateral regions.
both the mesoderm and the embryonic ectoderm at this age, but is apparently absent from the node (see Fig. 1D ). Notch 1 mRNA was also observed within the newly forming notochord (see arrow Fig. 1A) .
From about E7.SE8.0, the head process develops and the neural plate forms a groove at the midline, which progressively deepens. During this time, cells continue to invaginate through the node and migrate anteriorly, forming the notochordal process, while the primitive streak regresses posteriorly, concurrent with the formation of somites from mesodermal reorganization. The expression of the Notch mRNAs during this period shows dramatic differences, although Notch 1 and Notch 2 appear to have some overlapping areas of expression. North I remains expressed within the mesoderm in a similar pattern to that seen at E7.0, just anterior to the node and within cells of the posterior mesoderm ( Figs. 1E and 2 ). This expression can be correlated with the organization of the presomitic mesoderm into somitomeres (see also Franc0 de1 Amo et al., 1992; Reaume et al., 1992) . Additional expression of Notch I mRNA was seen at this age within aggregations of extra-embryonic mesoderm and splanchnic mesodermal cells of the embryo and within the notochord, but was visible only after prolonged staining (see Fig. 1E ). The labelling pattern within the splanchnic mesodermal cells suggests that the stained cells may be blood islands. The localization of this additional labelling was verified by examination of sectioned embryos.
Notch 2 mRNA expression at this age has sharply increased and is much more extensive than at E7.0. In the E7.5 embryo, it is first observed in the ectodermally derived cells, as they internalize through the node. Notch 2 continues to be expressed in the paraxial mesoderm in a similar pattern to that observed for Notch I (to be discussed in greater detail below), in the lateral plate mesoderm and also very strongly in the notochord and in the ventral-most cells of the neural groove, i.e. the future floor plate (see Figs. 1F and 2).
Notch 3 mRNA at this stage has a largely complementary expression pattern to the other two Notch genes. It is expressed within neural ectoderm, lateral mesoderm, and in the splanchnic mesoderm. From sections, it was established that Notch 3 mRNA is not expressed in the notochord, although a general labelling of cells within the neural ectoderm could be observed. It is also expressed quite strongly within the head fold region and the cardiogenie plate (see Figs. 1G and 2) . After formation of the heart tube (E&O), Notch 3 mRNA expression is no longer seen and instead Notch 1 mRNA labelling is seen exclusively in endocardial cells (see Fig. 3A ). This expression, along with the earlier expression of Notch I observed in the cardiogenic plate, implies that Notch I signalling may be required for determination of endocardial cell fate in a similar manner to neuroblast determination in the Drosophila neuroectoderm.
The expression of the Notch genes during somitogenesis
Towards the end of the 7th day of gestation, the mesenschyme aggregates bilaterally adjacent to the notochord and becomes organized into segmented structures called somites. This condensation proceeds in a rostra1 to caudal fashion.
All three Nofch genes are expressed during some stage of somite formation. The strongest expression of Notch I is at the anterior limit of the streak in the presomitic mesoderm, just caudal to the most recently formed somite (Fig. 3A) . Notch 2 expression begins after the formation of the somite, rather than in the presomitic mesoderm. After the somite has formed, expression of both Notch 1 and Notch 2 reduces and is concentrated to more medial and dorsal areas (see Figs. 3 and 1F for examples) . The only striking difference between the expression of Notch I and Notch 2 at the time of somitogenesis is the presence of Notch 1 mRNA much earlier in the presomitic mesoderm (compare Fig. 3A and C) . Notch 3 expression becomes evident shortly after somite formation and then, like the other Notch genes, undergoes a change in the pattern of distribution (see Fig. 3E and legend). Similar data on Notch 1 (Reaume et al., 1992; and Notch 2 (Swiatek et al., 1994) expression in somites have been reported. Semitic expression of Notch 3 is maintained at least until E10.5. Low levels of Notch 1 and Notch 2 expression are also observed at this stage.
These data show that there is a distinct temporal aspect of Notch expression during somitogenesis, involving all three North homologues (see Fig. 3 ).
The Notch genes and neurogenesis
The expression patterns of the three Notch genes undergo changes which correlate with morphogenetic changes in the developing nervous system. Notch 3 is first expressed within neural ectoderm, followed by Notch 2 and finally Notch 1 mRNA.
Notch 3 mRNA labelling is seen in ectoderm from the earliest age examined (see Figs. lC, G and 2) . It is weakly expressed in the neural ectoderm but has a much stronger labelling in the junction between the neural and the surface ectoderm. As the neural groove deepens, the expression becomes stronger in all regions of the neural ectoderm. The manner of this increase is similar for all three genes and progresses from the ventral-most region of the .0 embryo showing the strong expression in the presomitic mesoderm (atrow heads) and newly forming somites, which reduces dramatically and becomes regionalised to the dorso-medial region of the somite (see arrows for example). Expression can also be seen in the endocardial cells (curved arrow) and in the midbrain (asterisk). (B) An embryo of similar age to (A) showing the expression patterns of Notch 3. Strong and widespread expression is seen in the developing brain and cephalic region. Of particular interest is the absence of Notch 3 within the presomitic mesoderm (arrow heads) and in the heart (curved arrow). Notch 3 does, however begin to be expressed in the somites after their formation and increases slightly in intensity as the somite matures. (C) Notch 2 expression during somite development within an E9.0 embryo (caudal to the left). Strong expression can be observed in the newly formed (epithelial) somites and is rapidly down-regulated, beginning from the caudal region of the somite (see arrow). The distribution of expression changes such that, when the somite de-epithelialises and the number of somitocoelic cells increases and becomes mesenschymal (see Christ and Ordahl, 1995) . the expression of Notch 2 becomes restricted to the cells in the dorsal epithelium. The ventral half of the epithelium does not express Notch 2 (see for example arrow with asterisk). As the sclemtome develops the most anterior somites have Notch 2 confined to the dorsal region (see arrow with double asterisk). (D) Enlargement of somite showing labelling for Notch 2 in the somite epithelium The region indicated by the arrow and bracket indicates the ama of the epithelial cells occupied by the nucleus, rather than an unlabelled cell layer. (E) Notch 3 expression within the somites of an E9.0 embryo (caudal to the left). Expression begins within the somitocoelic cells and moves to the outer (epithelial) cell layer, increasing in intensity as the somite matures. The intersomitic boundaries are marked by arrow heads. (F) Diagrammatic representation of the change in Notch expression during somite development, as determined from whole-mount and sectioned E8.5 embryos. It should be noted that the somites am represented in the cross-section, rather than a lateral view, so that the right band side of each somite is the medial portion (apposing the neural tube). The progression from left to right reflects the progressive organisation of the somite. The more intense the colour, the greater level of expression, and no colour indicates, not expression above background. neural groove to the more lateral and dorsal regions as the embryo develops. The expression also downregulates in the same way. By E9.5, there is no longer any visible expression of Notch 3 mRNA in the ventral regions of the neural epithelium and only very weak expression in the dorsal regions of the hind-and forebrain and in the peripheral boundary to Rathke's pouch. Caudally, the neural tube expresses higher levels of Notch 3, in particular in the ventricular margin. By E10.5, the expression of Notch 3 is greatly reduced and is confined to the ventricular neuroepithelium.
Notch 2 mRNA expression begins at around the time that the neural groove begins to form (see Fig. 2 ) and at El05 is still seen in the dorsal hindbrain, in the infundibular recess of the diencephalon, in Rathke's pouch and in the dorsal region of the brachial spinal cord. Lastly, Notch 1 mRNA begins at around E7.5 in the ventral neural groove (Fig. 2) and by E9.5 is seen in the neuroepithelium of the diencephalon and quite strongly in There is no labelling of placode structure with Notch 2, but it is strongly expressed in the dorsal lip of the anterior neuropore. Mom caudally, after the closure of the neural tube, it can be seen that Notch 2 is downregulated. Them is also an intense labelling for Notch 2 in the anterior region of the first branchial arch and the surface epithelium overlying the telecephalon in the approximate region where the olfactory pit will develop, suggestive of some inductive mechanism during pit formation. Notch 2 is later also expressed in the olfactory neuroepithelium at El05 (C) Notch 3 labelling is quite widespread in the epithelium around this region at this stage. (D) Section taken through the maxillary (la) and mandibular (1 b) components of the first branchial arch, the second branchial arch (2) and the fourth ventricle, showing the Notch 1 labelling in the migrating neural crest cells (straight arrows) and the cells still within the second epibranchial placode (curved arrows). (E) Section through part of the third branchial arch (3) and the otic vesicle (arrow) showing the Notch 1 labelling within cells within the third epibranchial placode and also within placode-derived cell that have begun migrating to the site of the vestibuloacoustic (VII/VIII) ganglion anlage. the region of the neuroepithelium separating the ventral telencephalon and the optic stalk. It is also present in the dorsal spinal cord at E10.5 (see Fig. 5 ).
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Only Notch I mRNA is expressed in cells contributing to the formation of the peripheral nervous system. The Notch I gene is expressed in the trigeminal, otic and epibranchial placodes and also the lateral margins of the newly formed ganglia (Fig. 4A ). This has also been previously observed by Reaume et al. (1992) . Fig. 4D shows expression in both placode and neural crest cells. Ectodermally derived cells that have left the placodes and have begun to migrate to the site of ganglion formation continue to express Notch 1. Cells of the olfactory placodes also express Notch 1 (Fig. 4D) . In the trunk, cells (presumably of neural crest origin) express the Notch I mRNA but expression was only seen within the cells that contribute to the formation of the dorsal root ganglion (see Fig. 5D ), and no evidence was found to suggest that Notch I is expressed in cells contributing to the sympathetic chain ganglia.
During the formation of the eye, expression of all three Notch genes was observed. Fig. 5D-F and surface ectoderm (Fig. 5D ). Notch 2 is expressed primarily within the region separating the inner and outer layers of the optic cup, which separates the neural layer from the pigmented layer, but also within the anterior lens epithelium (Fig. SE) , whereas Notch 3 is only expressed in the surface ectoderm surrounding the eye (Fig. 5F ). The expression patterns of the three Notch genes are summarised in Table 1 .
Discussion
In this study we aimed to lay a groundwork for elucidation of Notch function in the early embryonic development of mammals by characterising the expression patterns of the mouse Notch 1, 2 and 3 genes. Complex and dynamic expression patterns were observed at critical stages of embryo development, in particular during gastrulation, somitogenesis and early neurogenesis.
Complementary patterns of Notch gene expression during gastrulation
The , have been identified. It is possible that these genes are involved in control of Notch regulation during gastrulation. Interestingly, it has recently been proposed that the notochord and floor plate both arise from the node as a single primordium that later segregates into the two structures (Le Douarin, pers. commun.) . If this is correct, the expression of Notch 2 in the node, notochord and axial neural plate may reflect the common origin of these three structures.
Combinatorial Notch gene function may be required for normal somitogenesis
The expression patterns observed during somitogenesis suggest that different steps of this process involves the combinatorial expression of the three Notch genes. Notch I and 2 expression is maximal at around the time of somitomere-to-somite transition (which was also observed by Reaume et al., 1992; Swiatek et al., 1994, respectively) , while Notch 3 expression is not detected in the presomitic mesoderm and only becomes evident after the somites have formed.
Notch function has already been demonstrated to be important for somitogenesis.
Targeting of the mouse Notch 1 gene is lethal (Swiatek et al., 1994) , and causes a delay and disrupted organization of paraxial mesoderm during somitogenesis (Conlon et al., 1995) . Based on these observations, a model for Notch 1 function, emphasising the importance of cell adhesion, has been proposed (Conlon et al., 1995) . Our observations suggest that Notch 2 and 3 are also involved in somitogenesis and can be incorporated into this model. The extensive overlaps between Notch 1 and 2 expression, despite the slightly later onset of Notch 2 expression, implies that Notch 2 can partially rescue Notch function in presomitic mesoderm.
This may explain the delay, but not total collapse, of somitogenesis in mouse embryos lacking Notch I activity. It should, however, be kept in mind that the Notch 2 gene does not appear to play a primary role in somitogenesis since embryos lacking Notch 2 die at later stages (Gridley, pers. commun.) . In keeping with the model, it is possible that expression of Notch 3 in the late somite reveals a function for Notch 3 in the mature somite, rather than during its formation. The model proposed by Conlon et al. (1995) also emphasises the importance of extrinsic factors controlling the regulation of Notch expression during somitogenesis.
Recent data have indicated that mesenchymallepithelial interactions are important for Notch regulation (Mitsiadis et al., 1995) , and it is possible that similar tissue-tissue interactions play a role in regulation of all three Notch genes during somitogenesis.
Notch 1 expression identifies the origin and migration of cells contributing to the trigeminal and dorsal root ganglia
The expression patterns of the mammalian Notch homologues suggest that they play roles in early vertebrate neurogenesis, in particular in dorsal-ventral patterning of the neural tube and in the migration of both neural crest-and placode-derived cells in the early PNS. This is particularly evident for Notch 1 expression during the early phases of PNS development. Notch 1 is expressed in both roof plate cells and in migrating neural crest cell populations. Notch 1 expression is also found in neurogenie placodes, as previously observed by Reaume et al. (1992) . Furthermore, Notch 1 remains expressed in cells which undergo neuronal differentiation and migrate to the site of the ganglion anlagen. In addition, it is evident that neural crest-derived neurons which migrate to form part of the trigeminal ganglion also express Notch 1.
These findings are interesting, firstly because they show that the cells of the sensory ganglion can, despite their origin in different primordia, be identified by a common characteristic, i.e. Notch 1 expression, before ganglion formation. Secondly, the extended expression of Notch I, ranging from cells within the placode, the migrating neuroblasts from both the neural crest and the placodes to cells that have arrived in the ganglion anlage (which was observed by Weinmaster et al., 1992; Lardelli et al., 1994) , is somewhat analogous to Notch expression in the intersegmental nerve during Drosophila PNS development (Giniger et al., 1993) . In Drosophila, inactivation of Notch or Delta affects migration of the intersegmental nerve along the embryo trachea and it has been shown that Notch is expressed in the axon and Delta in the trachea (Giniger et al., 1993) . The similarity to the mammalian PNS suggests that Notch I may here be involved in a pathfinding function. It will be interesting to test this hypothesis by analysing the expression of mammalian Delta homologues in cells surrounding the migrating PNS ctlls. The first vertebrate Delta Henrique et al., 1995) and Serrate (Lindsell et al., 1995) genes have recently been identified, however only the expression of Delta has been so far reported (Bettenhausen et al., 1995) .
Is there a vertebrate Notch 'code '?
The data presented here, taken together with previous observations from several laboratories (Weinmaster et al., 1991 (Weinmaster et al., , 1992 Franc0 de1 Amo et al., 1992; Reaume et al., 1992; Kopan and Weintraub, 1993) , emphasise a complex pattern of Notch gene expression during embryogenesis. As in flies, Notch expression is observed in many tissues, indicating pleiotropic effects in mammals. The expression patterns of Notch I, 2 and 3 are quite distinct, which may indicate that the three genes are endowed with specific functions. Specific functions for the individual genes are also compatible with the different phenotypes resulting from targeting of the Notch 1 (Swiatek et al., 1994; Conlon et al., 1995) and Notch 2 (Gridley, pers. commun.) genes.
Our data show that Notch expression is frequently observed in cohorts of cells collectively destined for a particular fate, which is the situation also during tooth development (Mitsiadis et al., 1995) . This implies that the genes are involved in inductive signaling. A major exception is the cardiac primoridum, which contains scattered cells expressing Notch 1 prior to heart formation. This expression is compatible with the selection of cells by lateral specification (for review see ArtavanisTsakonas et al., 1995) . Similarly, the expression patterns during somitogenesis and PNS development are compatible with Notch functioning in cell adhesion and axonal pathfinding, respectively. Notch and Notch-related genes are phylogenetically old and found in flies, nematodes and vertebrates (for review see Artavanis-Tsakonas et al., 1995; Lardelli et al., 1995; Simpson, 1995) . Extracellular ligands of the Delta/Serrate type are found in the same phyla (Mello et al., 1994; Tax et al., 1994; Chitnis et al., 1995; Bettenhausen et al., 1995; Henrique et al., 1995) , indicating that this receptor/ligand system possibly is universal in multicellular organisms (for review see Simpson, 1995) . Furthermore, the Drosophila Suppressor of Hairless gene, which is implicated in intracellular signaling (Fortini and Artavanis-Tsakonas, 1994) , has a highly conserved homologue in mammals (Matsunami et al., 1989) . The origin of the three vertebrate Notch homologues can probably be traced back to before the separation of the amphibian and mammalian lineages (Lardelli and Lendahl, 1993; Lardelli, unpublished observation) . Other ancient gene families, preserved across widely different phyla and with multiple vertebrate members, show expression patterns of similar complexity to those of the vertebrate Notch genes. For example, Hox genes show distinct anterior-posterior patterns (Manak and Scott, 1994) , Pax genes identify specific dorsal-ventral structures in the nervous system (Noll, 1993) , and LZh4 homeobox genes identify subtypes of motor neurons (Tsuchida et al., 1994) . In the case of Hox genes it has been postulated that the combination of Hox genes expressed in a particular cell group defines the position along the anterior-posterior body axis for these cells, which is referred to as the Hox 'code' (Kessel and Gruss, 1991) . Although it is possible that different Notch genes are simply to increase the range of Notch expression, it is equally possible that there exists in postimplantation embryos an analogous Notch 'code' by which the repertoires of Notch receptors expressed in groups of cells assists in guiding them to particular developmental fates. Little is known about the signalling mechanisms of Notch, although receptor dimerization has been suggested (Kidd et al., 1994) . If the activation of the receptor is dependent on dimerization, then the different combinations of dimeric partners may confer specificity of Notch function during development. This could either result in differences in intracellular downstream signalling, or the conferring of specificit) for different extracellular ligands.
Materials and methods
In situ transcript hybridisation to whole E7.0-E10.5 mouse embryos (whole mount in situ hybridisation) was performed using a modification of the method of Wilkinson (1992) with digoxigenin-labelled cRNA probes synthesised from cDNA fragments encoding all or part of the last seven EGF repeats and the three LN repeats of each mouse Notch genes (see Lardelli and Lendahl, 1993; Lardelli et al., 1994) . Note, remaining free nucleotides were always removed from cRNA synthesis reactions by passage over a 1 ml Sephadex G50 column (Pharmacia). Embryos were dissected into phosphate-buffered saline (PBS) plus 4% paraformaldehyde (PFA solution, stored in aliquots at -20°C) on ice and allowed to fix overnight at 4°C. Embryos were then washed (all washes were 5 min at room temperature (RT) unless stated otherwise) once in physiological saline solution, once in saline plus 0.1% Tween 20 (ST) and then dehydrated through a ST/ethanol series before storage for less than 1 month in ethanol at -20°C.
After rehydration through the ethanol series, embryos were washed in PBS plus 0.1% Tween 20 (PBT) before treatment with 10pglml proteinase K in PBT for 5-20 min. Embryos were then washed once in PBT plus 2 mg/ml glycine, twice in PBT and then refixed in 0.2% glutaraldehyde/PFA for 20 min at room temperature before washing twice in PBT, and once in prehybridisation solution (PH; 50% formamide, 5X SSC, 2% BCL blocking powder (Boehringer Mannheim), 0.1% Tween 20, 0.5% CHAPS, 5Opglml total yeast RNA, 5 mM EDTA and 50 pg/ml heparin). Following probe hybridisation o/n at 70°C in PH plus 0.2-l,~g/ml probe, embryos were rinsed in PH and then washed (all at 70°C) twice in PH, then twice for 30 min in PH, followed by washes in 75% PW25% 2x SSC, 50% PH/50% 2x SSC, 25% PH/75% 2X SSC, twice (10 min) in 2~ SSC, 0.1% CHAPS and then twice (30 min) in 0.2X SSC, 0.1% CHAPS (note: RNase treatment was not found to be necessary to counter cross-hybridisation of Notch probes to transcripts of related genes).
Following these posthybridisation washes the embryos were washed at RT in PBS and then twice in PBT before blocking in 10% sheep serum plus 1% bovine serum albumin (BSA) in PBT (SBP, pretreated at 70°C for 30 min) at RT for 3 h. A mixture (pretreated at 70°C for 30 min) of embryo powder (Wilkinson, 1992) with SBP was used to preabsorb a 1:500 dilution of anti-digoxigenin Fab fragments coupled to alkaline phosphatase (Boehringer Mannheim) for 3 h at 4°C. The antibody was then diluted to 1 in 4000 in pretreated SBP before addition to the embryos for incubation o/n at 4°C. Next day, the embryos were rinsed three times and then washed (1 h) five times in PBT plus 0.1% BSA, then washed twice for 30 min in PBT and then three times for 10 min in freshly made NTMTL buffer (100 mM NaCl, 100 mM Tris-HCl, pH 9.5, 50 mM MgC12 0.1% Tween 20, 2 mM levamisole) before incubation in NTMTL with 34Opg/ml 4-nitro blue tetrazolium chloride (NBT) and 175 pug/ml 5-bromo-4-chloro-3-indolylphosphate (BCIP or X-phosphate). Embryos were stained o/n at 4°C or up to 2 days at RT depending upon the desired strength of the signal and were then washed twice in NTMTL before fixing o/n in PFA at 4°C. Embryos were then placed in 70% glycerol and stored at -20°C until examination by differential interference contrast and normal light microscopy or washing through PBS into 20% sucrose for cryosectioning.
Signals revealed by extended staining (i.e. 1 or 2 days at RT) are considered to indicate 'weak' expression. Extendedly stained embryos were used for examination of sectioned material. Embryos were sectioned (10pm sections) on a cryostat. Whole mount embryos and sections were photographed under a Zeiss Axiophot microscope equipped with Nomarski optics.
